attempt to characterize the gut microbiome from pre-Columbian Andean mummies. However, they fail to properly use basic standards required for the authentication of ancient bacterial DNA, compromising the authenticity of their results and setting an unacceptable standard for future work.
Authentic ancient DNA research is extremely difficult. This is especially true when studying ancient microorganisms, as their damaged and fragmented DNA is in low abundance relative to modern microorganisms which coat virtually every surface. Reagent and laboratory DNA contamination has been demonstrated to routinely impact microbiome analyses (Salter et al. 2014; Glassing et al. 2016; Lauder et al. 2016) , and is especially problematic for samples with low biomass or endogenous DNA-such as ancient microbial samples. To identify and control for such contamination, multiple extraction blank controls and PCR-negatives need to be performed and sequenced, and any detected taxa should be subtracted from the sample results. Additionally, the latter must be screened against the growing list of common laboratory and reagent contaminants (Salter et al. 2014; Glassing et al. 2016; Lauder et al. 2016) . Santiago-Rodriguez et al. (2016) fail to follow such precautions, improperly use a method of ancient DNA authentication (MapDamage, discussed below) and apply flawed methodologies, invalidating their results and potentially encouraging further problematic analyses.
Issues with 16S rRNA methodology
The authors state that their extraction controls did not show bands on agarose gels (with no supporting images in SI); however, this ignores the fact that bacterial contaminants are often present at levels not visible on relatively insensitive agarose gels. The sensitivity of 16S rRNA PCR (especially after 30 cycles of amplification) will nearly always result in the detection of contaminants, even if below visible levels. Such controls must be sequenced in the same way as the biological samples. The absence of sequenced extraction blank and negative PCR controls is a critical oversight given that the reported results include common contaminants of laboratory environments and reagents (Salter et al. 2014; Glassing et al. 2016; Lauder et al. 2016 ). These include: Bacillaceae Bradyrhizobiacea, Clostridiaceae, Sphingobacteriaceae, Streptococcus. To authenticate their results, the authors applied SourceTracker analysis to determine whether portions of the microbial community originate from the gut or from other sources, and conclude: 'The majority of the 16S rRNA gene sequences in mummy FI3 matched modern gut microbiomes, and those of mummies FI9 and FI12 did not match any of the sources included in the analysis, suggesting that no modern sources of contamination contributed to the findings presented in our study'. This is clearly an unjustified conclusion, as only four sources were tested (human skin, gut, oral and soil samples), and therefore cannot account for other common sources of modern contamination (e.g. laboratory, reagents, air). Another critical issue is the use of 16S ribosomal RNA sequencing to describe these samples, despite the recent recommendation against using this method to reconstruct ancient microbiomes due to known taphonomic biases (Ziesemer et al. 2015) . The authors state that the V4 region of the 16S rRNA gene is fine for ancient DNA as it is 'within the recommended length for ancient DNA analyses'. This is clearly incorrect given that the V4 region is ∼290 bp, and that the mean length of authentic ancient DNA typically ranges between 50 and 160 bp (Knapp and Hofreiter 2010). Targeting 16S rRNA markers that are longer than the expected fragment size can preferentially amplify modern contaminant sequences, increasing the representation of contaminant taxa over endogenous ones.
Issues with shotgun sequencing methodology
Again, the authors failed to control for modern DNA contamination by not making libraries of and sequencing their extraction blank controls. The authors then attempt to validate some of their 'ancient' microorganisms by performing MapDamage analyses (Ginolhac et al. 2011 )-a standard in the field of ancient DNA. The authors state 'MapDamage analyses were performed with the contigs as described previously' citing the original MapDamage paper but providing no details of how the analyses were performed, such as what reference sequences were used. MapDamage requires DNA reads, a reference genome, and adequate coverage in order to quantify the C→T and G→A substitutions typical of ancient DNA damage. When MapDamage is used correctly on ancient DNA, an increase of C→T and G→A substitutions is observed at the 5 and 3 regions, respectively, of the sequenced DNA fragment (Fig. 1a) . The authors do not observe such pattern, likely due to improper use of the software, or the fact that the species of interest are modern contaminants (Fig. 1b) . The authors admit that no such damage patterns were detected in their metagenomes, but justify this by asserting that MapDamage is not useful in ancient microbiome studies. They incorrectly claim that this was previously identified by Ziesemer et al. (2015) , when the latter do not state this and actually used MapDamage to authenticate ancient microbial DNA (Ziesemer et al. 2015 ). It appears that neither the authors nor reviewers understand the basis of using DNA damage to authenticate ancient DNA, and the lack of such damage patterns severely undermines the credibility of the results.
Conclusions
This is not the first time that the authors have failed to properly control an ancient DNA study. A contentious claim of the isolation of luxS from 25-to 40-million-year-old bacteria (SantiagoRodriguez et al. 2014 ) also failed to provide sufficient controls to substantiate such a claim (Weyrich et al. 2014) . Proper ancient DNA authentication is essential to the integrity of this field. Within the broader field of ancient DNA, a series of high-profile publications from the 1990's (of which a co-author of this study was part of) failed to provide adequate controls or authentication, and are now widely discredited. These studies damaged the credibility of the field, and wasted valuable time and money. We hope that history does not continue to repeat itself, and that editors, reviewers and researchers learn from this example to prevent this from happening again.
